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1 0 INTRODUCTION 

A s  w a s  mentioned i n  the  previous lecture ,  nuclear sa fe ty  plays a maJor ro le  
i n  the operation of' nuclear power plants,  Among t h e  reasons for t h i s  are the  
following: 
reactor at the  start  of operation. Thus a la rge  amount of emergy i s  poten t ia l ly  
available which can conceivably lead t o  the  release of radioactive f i s s ion  prod- 
ucts. A nuclear accident might thus have serious consequences beyond the  test  
s i te  itself. 
understood o r  universally agreed upon. Finally, t h e  reaction of t he  public hss 
been a matter of much concern. For these reasons, a highly conservative sa fe ty  
philosophy has been un5versally applied t o  all. reactor  operations i n  t h i s  country. 

A l l  the f u e l  f o r  an extended period of operation i s  loaded i n t o  t h e  

Furthermore, the  e f f ec t s  of radiat ion on the  human body are not fully 

2.0 GENERAL FEQUIIIEMEmS OF NUCLEAR SAFETY CONTROL PROGRAM 

The basic objective of a nuclear sa fe ty  control  program is  the protection of 
personnel, plant f a c i l i t i e s ,  and t he  surrounding cammunity from the  hazards of rad- 
i a t ion  and contamination which poten t ia l ly  could result from a nuclear incident 
or from the  normal operation of a nuclear reactor. 

2.1 Documentation and Approval 

The following s teps  are typ ica l  of the effor-ts required t o  gain approval t o  
build and operate a fixed-location, AEC-owned reactor and t o  provide the  operator 
w i t h  in te rna l  procedural controls suf f ic ien t  t o  assure the fulf i l lment  of h i s  
obligations with respect t o  safe operation of such a nuclear system. 

1. Pre-Operational Safety Analysis (Hazards Summary) 

This document should convey suf f ic ien t  information t o  allow a reasonable 
conclusion t h a t  t h e  planned reactor  can be b u i l t  and operated safe ly  i n  the  
proposed location. 
components, t he  si te,  f a c i l i t i e s  t o  be used, and an evaluation of the  radiological  
hazards which could arise from postulated accidents. 
l i n e  of the  information ordinar i ly  included. This document must be submitted t o  
the cognizant AEC Operations Office and must receive t h e i r  approval as w e l l  as 
t h a t  of the  AEC Division of Reactor Development p r i o r  t o  operation of t he  power- 
plant. 
ory Cornittee on Reactor Safeguards w i l l  a l so  review and approve t h e  proposed 
operation. 
become of h i s to r i ca l  significance only. 

I n  general it contains a description of t he  reactor  and i t s  

Appendix A contains an out- 

In  many cases t h e  AEC Division of Licensing and Regulation and the  Advis- 

After approval has been obtained, the Hazards Summary i s  supposed t o  
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2. 2echnlcal Operating L b - i t s  of Technical Specifications 

Eesign and operating l imitat ions t h a t  have an appreciable e f fec t  on the  safe ty  
Most. of these item were 

Appendix B outlines the  detai led 
of reactor operation are compiled in ~ 1 .  separate document, 
o r ig ina l ly  included i n  the  f i n d  hazards summary, 
coztents required. 
t o  operation and i s  maiatained a s  a current statement of per t inent  l imitations.  

a 
This document must a l so  be reviewed and approved by the  AEC p r i o r  

3. S t a d a r d  Operating and Maintenance Pzocedures 

Standard operating procedures are prepared containing exp l i c i t  inst ruct ions f o r  
s tar t -up and operation of the  reactor with de ta i led  checkout and ca l ibra t ion  inform- 
&tion provided, 
emphasis on l imi ta t ions  and control  procedures t o  be observed. Responsibil i t ies f o r  
individual operations and overal l  control are c lea r ly  delineated. 
of these procedures is  not usuaLly required, they are submitted f o r  informational 
purpose s . 

Maintenance to be y r f n m e d  is described fn det.a-11 vTth s p e c i a l  

While AEC approval 

4, Health Physics, Indus t r ia l  Safety Procedures 

Personnel protection standards f o r  t he  control of radioactive material and 
rad ia t ion  hazards a re  established from in terna t iona l  po l ic ies  of radiat ion protect-  

have been adopted over a period of t i m e  a t  various AEC contractor s i t e s  throughout t he  
United States. 
ta ined i n  addition t o  safe ty  considerations of a nuclear nature. 
required f o r  %hese procedures. 

i==, xc req~irem=zts for c o z t r o l  of r&ioacti-.e x.-eri&s, =& yorkmg l k 2 k s  -;hick, 

Xomal indhs t r i a l  safety and indus t r i a l  hygiene standards are main- 
AM= approval i s  not 

e 5, Fissile Yl'terial Safety Procedures 

Special  procedures m u s t  be writ ten covering spec i f ic  storage arrangercents and 
methods required i n  handling f i s s i l e  materials. 
cular  form of mater ia l  is examined and proper procedures determined. Because of t h e  
po ten t i a l ly  serious consequences which could r e su l t  from a c r i t i c a l i t y  accident, t he  
Ind iv idml  workers are not permitted any d iscre t ion  i n  deviation from exp l i c i t  handl- 
ing acd storage rules. 

Each spec i f ic  operation and p a r t i -  

AEC approval is not normally required. 

6 ,  In te rna l  Safety R e v i e w  

P r io r  t o  operation and per iodical ly  thereaf te r ,  i n t e rna l  sa fe ty  reviews should 
be performed encomTassing suf f ic ien t  de ta i led  evidence t o  permit the  affirmative 
conviction t h a t  the reactor  as b u i l t  can and w i l l  be operated safely. The r e v i e w  
shoula include examination of t h e  start-up program, qua l i ty  control  o r  proof t e s t i n g  
of manufactured i t e m s  such as fuel and control  rods, and a review of construction 
emerience and system checkouts. 
operator and results may or  may not be transmitted t o  the AEC at the d iscre t ion  of 
the  operstor, 

7. Permission t o  Operate 

The review is normally an i n t e rna l  matter f o r  t he  

UTon sa t i s f ac to ry  completion and review of the first two documents l i s t e d  above, 
the AEC w i l l  grant permission t o  operate. 
tnen provide the persons responsible f o r  reactor  operation with a formal le t ter  grant- 
ing permission t o  operate based upon the  AEX approval and the a v a i l a b i l i t y  of the  
o+,her wr i t ten  procedures and a favorable in t e rna l  review. Reactor operations then 
czn be carr ied out, subject t o  the  operational controls which have been developed. 

The operating compmy's management should 
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2.2 Operational Control 

The following in te rna l  controls are typica l  of those u t i l i z e d  t o  insure main- 
tenance of safe operating conditions f o r  a d i rec t ,  open cycle nuclear system such as 
a nuclear rocket. From such a system, release of f i ss ion  products t o  the  atmosphere 
may re su l t  from noma1 reactor operation o r  from an unplanned release of rad ioac t iv i ty  
resu l t ing  from a nuclear accident. The seriousness of t h e  resul tant  hazard, i n  e i t h e r  
case, is  strongly effected by the  prevail ing atmospheric diffusion conditions. 

1. Evaluation of Environmental Conditions 

In order t o  evaluate the  hazards of radioactive eff luent ,  it i s  necessary t o  
possess ra ther  complete information concerning the  demographic and biological  char- 
a c t e r i s t i c s  of potent ia l  receptor areas. A thorough study of these charac te r i s t ics  
shouli! be m a d e  pr ior  t o  reactor  operation and kept current. 

2. Pre -hr-almis of Controllinn Accidents 

For a given reactor a controll ing accident may be selected f o r  each phase of 
the  t e s t i n g  program by weighing the  assumed probabi l i ty  of occurrence and the magni- 
tude cf the  hazard which would be created. P r io r  t o  reactor  operation on any given 
day, the  probable receptor areas f o r  eff luent  hazards may be determined on the  basis 
of cixrrer?t forecast  weather conditions. A series of calculations can then be m a d e  
of the s ign i f icant  doses t o  the  various c r i t i c a l  organs at occupied areas downwind 
resiLtLag from f i ss ion  product release should t h i s  control l ing accident occuro If 
the controll ing dose, which is  dependent on atmospheric diffusion conditions, i s  
calculzted t o  be higher than acceptable permissible l i m i t s ,  reactor  operation Kay be 
delay?& u n t i l  atmospheric diffusion coaditions improve. 

3. P r e - h a l y s i s  of Normal Operating Hazards 

Pr ior  t o  operation of the  reactor, s ignif icant  doses t o  the  various c r i t i c a l  
organs may be calculated, per u n i t  of reactor  operating t i m e ,  based on t h e  expected 
continuous release of f i s s ion  products, i f  any, during normal operating conditions. 
If the operating time i s  long enough, t h i s  dose calculation may be ver i f ied by 
Eeasurements made i n  t he  f ie ld .  
area, may be controlled by select ing desirable  meteorological operating conditions 
and by control l ing reactor operating time. 

4. Decision t o  Operate 

The accumulation of dose i n  any defined receptor 

The decision t o  operate the  reactor  i s  based on a comparison of the  calculated 
doses f o r  a l l  types of  releases with the  applicable limits f o r  the  par t icu lar  test 
i n  question. Completion of Items 1, 2, and 3 above provides suf f ic ien t  information 
t o  m a k e  t h i s  decision. 

5. Measurement of Effects 

During and following operation of t h e  reactor,  the expected f i s s ion  product 
re lease r a t e  m a y  be compared with the  release rate measured a t  the  release point 
and at doxnwind f i e l d  locations. 
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60 Post -Operational Analysis 

Records maintained fram reactor operation and exis t ing  meteorological conditions 

Such analyses a id  i n  upgrading the qua l i ty  of dose 
0 exis t ing  during t-he test period form the basis for  analysis of the relationships of 

dose r a t e  and weather conditions. 
r a t e  predictions which are made .  

7. Upgrading of Techniques and Procedures 

Continuous e f for t  should be maintained t o  develop and extend prediction and 
measurement techniques t o  a r r ive  at the most r e a l i s t i c  control system and most 
accurate dose evaluation methods consistant with pract ical i ty .  

3.0 REQUIEIEMEPTS OF SAFETy-i- TECHNICAL SPECIFICATIONS AND OTRER DocuMEmATION 

Specific de t a i l s  which must be included i n  documents submitted t o  the AEC and 
suggested schedules f o r  t h e i r  submission are outlined i n  t h i s  section and i n  
Appendices A and B. 

3.1 General Provisions of AEC Manual Chapter 84-01 

Requirements f o r  s u b i s s i o n  and review of hazarci report  documents on AM=-owned 
reactors (excluding those covered by 10 CFR, Part U5)* are current ly  ref lected i n  
AEX Manual Chapter 8401. 
t o  be pertinent. 

The following excerpts frm th is  chapter are considered 

8401-01 Policy 

"A hazard sumnary report shall be submitted p r io r  t o  the  commencement of 
construction of a new reactor, i n i t i a l  operation of a reactor, and s ignif icant  
modification in design or  operating condition i n  a reactor  under construction or 
i n  operation. 

T i t l e  10 Code of Federal Regulations. 
nuclear reactors exempted from licensing requirements". 

Pa r t  115 "Procedures f o r  review of cer ta in  



a 
8401-031 General 

"A hazard summary report s h a l l  be submitted p r i o r  t o  t he  camencement of 
construction of a new reactor, i n i t i a l  operation of a reactor,  and s ignif icant  
modification i n  design o r  operating condition i n  a reac tor  under construction o r  
i n  operat ion" 

8401-04 Definitions 

"For the  purposes of t h i s  direct ive,  reactors inc lu le  a l l  apparatus, other 
than atomic weapons, designed or  used t o  sustain nuclear f i s s i o n  i n  a self-susport-  
ing chain reaction including power, research, test, and production reactors, reactor  
experiments and c r i t i c a l  assemblies. 

"A signif icant  modification of design or  operating conditions, as used i n  the  
context of t h i s  manual chapter, i s  any modification which results i n  a subs tan t ia l  
change i n  the  exis t ing safety charac te r i s t ics  of the reactor, and which does not 
c lear ly  r e su l t  i n  an impslovement i n  the safe ty  of the system." 

Standards f o r  content of hazards reports f o r  AEE-owned reactors have not been 
formally issued; however, i n  v i e w  of the  above policy statement, requirements 
established f o r  hazards reports f o r  licensed reactors and re f lec ted  i n  10 CFR, 
Part  50.34 should be considered t o  define minimum staadards. Since the  technical  
specif icat ions discussed below, are intended t o  establish safety l imitations,  t he  
hazard report  should be looked upon as a document supplying suf f ic ien t  information 
f o r  a meaningful safety appraisal  of the  proposed action. Sigaificarrt background 
design and performance studies should be summarized aad reference& i n  the report. 
The reviewer is interested not only i n  the adequacy of the  design and the basis 
therefor,  but a l s o  in the adequacy of the  organizertion and proposed operational 
approach. 

3.2 Typical Sequence i n  Processing Safety Analysis Submission t o  AEC 

It is anticipated that the following sequence of actions w i l l  occur in the 
The AEG operations of f ice  w i l l  vary processing of a hazards report  submission. 

acccrding t o  contractual respons ib i l i t i es  involved. 

I 1. Preparation and in t e rna l  review by contractor organization p r i o r  t u  the develop- 
ment of an acceptable draft. (Pa r t i c ipa t ionby  an AFX QhseTver i n  t h i s  in t e rna l  
review i s  encouraged t o  assure famil iar izat ion w i t h  the proposed a c t i v i t y  and 
f o r  preliminary screening of questions, thus permitting mom rapid handling of 
formal submission. ) 

2. Submission of draf t  hazards report t o  cognizant AEZ operations office. 
operations office w i l l  normally provide copies t o  the Division of Reactor 
Development (DRD) f o r  t h e i r  information and preliminary cammentsr ) 

(The 

3* A meeting w i l l  be scheduled w i t h  the  contractor t o  develop answers t o  operations 
office and DRD questions. 
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a. 
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ll. 

~~ ~ - 

Following t h i s  meeting, comments on the  d r a f t  w 
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11 be provided t o  the contractor 
usual ly  i n  wri t ten form, on any items unresolved i n  the  discussion. 

Formal submission t o  the operations of f ice  of the  requested number of copies of 
the hazards report from the contractor. 

The operations of f ice  w i l l  then prepare a wri t ten evaluation of the report and 
transmit tlnis evaluation and the report  formally t o  AEC Headquarters. (When 
reviewed by the  Advisory Committee on Reactor Safeguards (ACRS) i s  contemplated, 
approximately 60 copies should be available although not all of these may be 
required. This w i l l  normally be f o r  reports  on si te  approval, construction 
approval, and approval f o r  i n i t i a l  operation of new f a c i l i t i e s .  
and DL&R r e v i e w  is  anticipated, approximately f i f t e e n  copies should be available. 
T h i s  w i l l  normally involve all other  types of submission.) 

Where only DRD 

R e v i e w  by the Department of Licensing and Regulat&on (DIM?), on an advisory 
basis t o  DRD f o r  hazards reports submitted t o  Headquarters, i s  current ly  
obligatory. Accordingly, a meeting w i t h  operations office,  DRD, and DL&R 
personnel should be anticipated. 
of N R S  on major actions.) 

(DI&R may i n  turn  use the advisory capabi l i t i es  

D W  w i l l  then formally advise DRD of t h e i r  approval and any exceptions taken. 

DRD w i l l  forward the  results o f t h e  previous reviews through the  appropriate 
a s s i s t an t  General Manager f o r  f i n a l  approval. 

The operations of f ice  w i l l  then be formally advised t h a t  it may issue authoriz- 
a t ion  t o  proceed t o  the  contractor together with any exceptions o r  any require- 
ments developed during the course of the reviews. 
the respons ib i l i ty  f o r  seeing t h a t  these, and any additional requirements which 
it may desire,  are i n  f a c t  m e t . )  

(The operations off ice  has 

A formal authorization t o  proceed w i l l  then be issued by the operations of f ice  
t o  the contractor. 

3.3 Suggested Outline f o r  Safety Analysis Report 

The safe ty  analysis report should follow the major topics  l i s t e d  below. A 
complete outline of information t o  be included i n  the  safe ty  analysis report  is  
contained i n  Appendix A. 

1. ..smary 
2. Introduction 
3. S i t e  or  Environmental Analysis 
4. F a c i l i t y  Description 
5. Accident Analysis 
6. Operational Procedures 
7. Hazards Analysis 
8. Evaluation of Fac i l i t y ' s  Hazards 
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3.4 Contents of Technical Specifications 

A complete l i s t i n g  of technical  specifications as current ly  required i s  re- 
produced i n  Appendix B. 

Technical specifications are submitted as a separate document from the  hazards 
report; however, they are submitted at the  same t i m e  and e s sen t i a l ly  i n  the  same 
manner as t h e  hazards report. 
specif icat ions a re  as follows: 

Some considerations t o  be used i n  wri t ing technical  

1, All matter included i n  and referenced by the  technical  specif icat ions must be 
considered with extreme care with regard to :  

a. Distinguishing c lear ly  between design parameters and operating l i m i t s .  
b. If specifications apply only t o  cer ta in  modes of operation - so s ta t ing,  
c. 

de  Not including "information only" type statements. 
e, Considering time and e f f o r t  consumed i n  obtaining a change i n  the  specif-  

Stat ing clear ly  any exceptions such as "continuous operation not required, 
and "additional penetrations, conforming t o  , . . may be m a d e , "  

i c at ions e 

2. Tests t o  be applied t o  each i t e m :  

a. Is it required by the  l e t t e r  and in ten t  of AFX! regubt ibns?  - If so, then the  i t e m  should be included, - If not, i s  the safe ty  importance so great t h a t  it should be included 
anyway? 
f ive  years from now. ) 

(Consider knowledge and a b i l i t y  of persons operating the  plant  

b. Is the  l imiting number being quoted r e a l i s t i c a l l y ?  That is, can such 

Is t h e  highest (o r  lowest) value commensurate with safety? 
accuracy o f  control, o r  such a flow rate, temperature, pressure, etc. be 
achieved? 

co  Is the piece of equipment so important t h a t  it should only be replaced 
with an exact duplicate? - If so, describe i n  necessary d e t a i l  and include drawings i f  words do 

- If not, describe functionally i n  terms of l imit ing design parameters 

Is the  information t o  be included compatible with t h a t  given i n  the  hazards 
report? In par t icular ,  i s  the  l i m i t  compatible with the  accident case 
analyzed in the  report, A more extreme condition than t h a t  covered by 
analysis would not be appropriate. 

e. C a n  the  information be used by an inspector t o  determine compliance with 
the  l icense o r  operating approval. If not, provide backup reference 
material. (i.e,, how measured or  how correlated with measureable data. ) 

not suffice,  

s o  t h a t  any su i tab le  piece of equipment may be substi tuted,  
d. 

3.5 Other Documents Submitted t o  AEC f o r  Information Only 

Documents l i s t e d  as Items 3,4,5, and 6 of Section 2.1 are submitted t o  the  
The information contained i n  these reports  i s  AEC fo r  information purposes only. 

of considerable use i n  evaluating the  overal l  preparedness of t he  program. 
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3.6 Sigoif icant  Changes 

Chages which would inval idate  the conclusions i n  the Hazards Summary report, 
a l l  changes i n  the  technical  specifications,  and changes t o  the operating procedures 
of a ''new or unusualf' nature and considered t o  be s igni f icant  must be submitted f o r  
DRD approval p r io r  t o  becoming effective,  

a 

4.0 PO-IOIY OF ACCIDENTS 

During the safe ty  evaluation of a pa r t i cu la r  reactor  all foreseeable accidents 
must be considered, The complete reactor system is  studied and accidents are 
postulated assuming failure of various systems. Normally, i n  a w e l l  designed reactor  
s y s t e m ,  indepenc?-t multiple failures of components o r  systems must occur t o  produce 
an accident w i t h  serious hazards consequences, 
require so  many independent failures t h a t  t h e i r  occurrence is  incredible. 

Some of t h e  accidents postulated 

4.1 Credib i l i ty  

Webster's dict ionary defines credible as "capable of being credited or worthy 
Some experts express c red ib i l i t y  i n  terms of numerical p robabi l i ty  of of belief", 

occurrence, while others f e e l  that numerical estimates of a quantity so vague and 
uncertain have no meaning. !!%e d i f f i c u l t y  involved io assigning meaningful prob- 
abilities t o  the occurrence of a par t icu lar  accident can result i n  considerable 
differences i n  opinion as t o  whether or not an accident is  credible, The f i n a l  
decision is  primarily a matter of judgment based p a r t l y  on pr io r  reactor  design and 
operating experience and p a r t l y  upon pas t  precedent. 

4,2 M a x i m u m  Credible Accident 

a 

The maximum credible accident (MCA) i s  that  major accident (hypothesized f o r  
purposes of s i t e  analysis or postulated from considerations of possible accidental  
events), which would r e s u l t  i n  po ten t ia l  hazards not exceeded by those from any 
other accident considered credible,  Such accidents have generally been assumed 
t o  r e s u l t  in subs tan t ia l  meltdown of the core w i t h  subsequent re lease of appreciable 
qtan-bities of f i s s ion  products. 

Application (S i t e  Acceptability) - The question of s u i t a b i l i t y  of a s i te  f o r  
a reactor  requires consideration not only of the fac tors  influencing the  fac tors  
influencing the probabi l i ty  of occurrence of an accident, but a l so  the  r i s k  i n  terms 
of possible exposure of people t o  the hazardous consequences of such an accident,* 
The E A  i s  used as as aid i n  evaluating hazards involved at a pa r t i cu la r  site. In 
t h i s  evaluation the assumed f i s s i o n  product release from the core, the  expected 
demonstrable leak rate from the containment, i f  any, and the  meteorological conditions 
per t inent  t o  the s i te  are  used t o  derive an exclusion area, a low population zone, 
and population center dis tasce,  

%ee T i t l e  10, Code of Federal Regulations, Par t  100 "Reactor S i t e  Criteria". 
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The exclusion area defined should be of such s i ze  t h a t  an individual located 

at any point on i t s  boundary f o r  two hours immediately following onset of t he  
postulated f i s s ion  product release would receive a t o t a l  radiat ion doee t o  the 
whole body i n  excess of 25 rem or  a t o t a l  rad ia t ion  dose i n  excess of 300 rem t o  
the  thyroid from iodine exposure. The locat ion should have a low population zone 
of such s i ze  t h a t  an individual located at any point on i t s  outer  boundary who i s  
exposed t o  the  radioactive cloud resu l t ing  from the  postulated f i s s i o n  product 
release (during the  e n t i r e  period of i t s  passage) would not receive a t o t a l  rad- 
i a t ion  dose t o  the whole body i n  excess of 25 r e m  or  a t o t a l  radiat ion dose i n  
excess of 300 r e m  t o  the thyroid from iodine exposure. 

The population center distance should be at least 1 l / 3  times the  distance 
In  applying from the  reactor  t o  the  outer boundary of the  low population zone. 

th i s  guide due consideration should be given t o  the  population d is t r ibu t ion  within 
the population center. 
may be necessary because of t o t a l  integrated population dose considerations. 

Where very large c i t i e s  a re  involved, a greater  distance 

4.3 Other Controlling Accidents 

The M a x i m u m  Credible Accident may be incredible at some stage of operations. 
For example, i f  the E A  i s  a s tar t -up accident, then it would not be a credible 
event during the course of normal reactor  operations at  power. In  addition, the  
Z A  may be f e l t  t o  have such a low probabi l i ty  of occurrence t h a t  other, more 
reasonable events should be considered as well. For times when the  MCA does not 
apply, another controll ing accident should be defined. 
l e s s e r  consequence than the  WA, it would be considered as a major f ac to r  i n  de te r -  
mining whether o r  not the reactor  i s  t o  be operated at a given time o r  f o r  a 
spec i f ic  t e s t  operation. 

While t h i s  would be of 

4.4 Typical Accident I n i t i a t i n g  Events 

1. Set-'Jp Mechanisms 

During the  preparation of a hazards summary a systematic review of a l l  power 
p l m t  components i s  performed t o  determine the  consequences resu l t ing  from the  
f a i lu re  of any par ts  o r  system of the  power plant. Since no s ingle  par t  o r  system 
may be expected t o  function without f a i l u r e  at all times, the  power plant  must be 
so designed t h a t  no s ingle  event or  sequence of events i n i t i a t e d  by a s ingle  event 
w i l l  r e su l t  i n  unacceptable hazards. 
nuclear powerplant might be "set-up" f o r  subsequent accident a re  as follows: 

Some of t he  various mechanisms by which a 

Failure of Safety Systems - The safe ty  systems include sensors which measure 
parameters such as temperature, react ivi ty ,  pressure, and rad ia t ion  levels .  These 
seiisors frequently act ivate  devices f o r  a l e r t i n g  the  operatbr and/or shut t ing down 
the  reactor  when unsafe cnnditions ar ise .  Failure of a s ingle  sa fe ty  system, i n  
i t s e l f ,  should not resu l t  i n  reactor  damage. To postulate  many of the accidents 
anayzed, such as unrestrained control rod withdrawal, it i s  necessary t o  assume 
multiple f a i lu re s  of sa fe ty  systems. 

Failure of Control Systems - Control system f a i l u r e  which could r e s u l t  i n  
dzTage t o  the  reactor might r e s u l t  from saturat ion of sensors which transmit f a l s e  
low indications of reactor power levels.  Based on this signal, the sexvo mechanisn: 
o r  the  operator then continues t o  pul l  control  rods u n t i l  the power l e v e l  i s  high 
erLough t o  melt portions of the core. 
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Since it i s  impossible t o  determine all of t he  events which could result i n  
failure of the control system, the usual procedure is  t o  assume f a i l u r e  of various 
control  systems with shultarneous failure of the safe ty  system and t o  analyze the  
consequences 

Procedure Error - In  the preparation of procedures it is  possible t o  overlook 
sane s t e p  or inter lock which could increase the  sa fe ty  of the system, Evaluation 
of operating procedures by a hazards engineer independent of operating supervision 
helps t o  reduce t h i s  poss ib i l i ty ,  

Operator Error - Failure of the  operator t o  follow procedures can result in 
power plant  damage. 
pre-s tar tup checkoct procedure o r  inat tent ion on t h e  pa r t  of t h e  operator, 
p o s s i b i l i t y  of such er rors  i s  reduced by s t r ingent  qicralification requirements f o r  
reac tor  operators, In addition, most e r ro r s  committed by an operator would require 
simultaneous safety system f a i l u r e  t o  result i n  reactor  damage. 

Such an e r r o r  could r e s u l t  from the omission of a step i n  
The 

Sslbotege - Deliberately blowing up the power plant  at a c r i t i c a l  time could 
r e s u l t  i n  re lease of f i s s ion  products t o  the  atmosphere, 
and the large amount of explosives required m a k e  th i s  type of accident extremely 
unlikely, A more probable type of sabotage would be de l ibera te ly  causing malfunction 
of one or  more of t he  reactor  sa fe ty  systems, thus s e t t i n g  the  system up f o r  an 
accident during the next operating period, 

normal secur i ty  measures 

2, React ivi ty  Induced Accidents 

React ivi ty  accidents a re  defined as those accidents t h a t  r e s u l t  from the  
addition of more excess r e a c t i v i t y  t o  the reactor  core than is  required f o r  normal 
changes i n  power level .  "his results i n  an increase i n  power l e v e l  which can, if 
allowed t o  continue, result i n  physical damage t o  the core and subsequent re lease 
of f i s s ion  products t o  %he coolant. 

Unrestrained Cantrol Element Action - To analyze an accident caused by unrest- 
rained control  element action, it is  normal prac t ice  t o  assume t h a t  a l l  such elements 
tha t  may be operated simultaneously are moved i n  the  d i rec t ion  of increasing r e -  
a c t i v i t y  a t  the  m a x i m w  r&e physically possible, All normal sa fe ty  systems are  
assumed t o  be inoperative so t h a t  the excursion i s  l imited only by the  various 
r e a c t i v i t y  decreasing mechanisms inherent i n  the  design, 

Flooding - Flooding of gas cooled reactor  with a hydrogenous f l u i d  i s  always 
a poss ib i l i ty .  I f  the probabi l i ty  is considered great  enough, it may be required 
t h a t  cont rc l  rod worth be suf f ic ien t  t o  insure a subc r i t i ca l  flooded assembly. If 
flooding is  considered a credible event f o r  the  pa r t i cu la r  system, the  a id i t i on  of 
r e a c t i v i t y  by this means should be considered as a possible accident i n i t i a t i n g  
m e  c h m i  sm. 

Geometry Changes - Based on the  design of t he  reactor,  various changes may 
r e su l t  i n  e i t h e r  increased or  decreased reac t iv i ty .  Possible mechanisms f o r  chang- 
ing reactor  geometry could be temperature o r  pressure changes, explosion, implosion, 
mechanical fa i lure ,  missiles, e tc ,  Potent ia l  i n i t i a t i n g  mechanisms should be 
aaaljrzed t o  insure t h a t  optimum safety has been achieved. 
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Temperature Reactivity Effects - The magnitude of po ten t ia l  power excursions 

may be considerably reduced i f  negative temperature r eac t iv i ty  coeff ic ients  are 
inherent i n  the design. In  many water moderated designs, t he  fac t  t h a t  the  water 
becomes less dense and hence decreases i n  moderating value as the  temperature i n -  
creases has an important effect .  I n  other designs, such e f f ec t s  may be unimportant 
or may be posit ive.  Formation of steam bubbles i n  the  water within reactor  has 
t h e  same ef fec t  of reducing the density of moderator water. Expansion of other 
materials within the core may a l s o  have a s igni f icant  e f f ec t  upon react ivi ty .  
negative Doppler coefficient reduces r eac t iv i ty  following an increase i n  f u e l  
temperature as a resul t  of increased resonance absorption of neutrons, frequently 
i n  @38. The re la t ive  value of temperature coeff ic ients  depends on various para- 
meters such as the  rate of power rise. For instance, t he  fue l  temperature coeffic- 
ien t  may be of much greater importance than other e f f ec t s  for a short  period 
excursion because the fue l  temperature rises much more rapidly with f lux than do 
the  coolant or moderator temperatures. All of these poss ib i l i t i e s  must be con- 
sidered i n  evaluating the power generated by a r eac t iv i ty  induced incident. 

The 

Other - Special types of reactors may have mechanisms for introducing unwanted 
posi t ive react ivi ty .  
possible causes of r eac t iv i ty  induced accidents. 

Each reactor must be considered separately t o  cover all 

3. Loss of Cooling Accidents 

Loss of coolant accidents are those i n  which the  a b i l i t y  t o  remove the  heat 
gecerated i n  the reactor f u e l  is  l o s t .  
r e su l t s  unless the  system can be shut down and adequate aftercooling provided be- 
fore  such damage occurs. 

Melting of a portion of the  core generally 

Flow Maldistribution - Introduction of foreign objects i n t o  the  flow stream 
could r e su l t  i n  reduced flow and subsequent localized melting of t he  reactor coreo 

Loss of Coolant Flow - Loss of cooling may be caused by f a i lu re  of t he  blower, 
pump or other mechanism f o r  forcing coolant through the  reactor.  
i n  t h e  piDing of the cooling system could a l so  r e su l t  i n  a complete l o s s  of coolant 
f-orn the  reactor,  

Mechanical f a i lu re  

Loss of Aftercooling - Even a f t e r  a reactor  i s  shut down decay power from 
f i s s ion  products may be great enough t o  melt a portion of t he  f u e l  unless some 
coolarit flow i s  maintained f o r  a reasonable time d t e r  reactor  shutdown, 

4. Yechanicallu or  Cheaicallv Induced 

Abrasion, Erosion - Excessive erosion o r  abrasion of fuel element cladding 
c a ~  r e su l t  i n  l o s s  o f  f i s s ion  products t o  the  coolant stream. The magnitude of 
t he  r e k a s e  and subsequent e f f ec t s  must be estimated unless da ta  from environmental 
samplzs are available. 

Oxidation - Combustion - Hazards of combustible coolant, moderator o r  s t ruc tu ra l  
materhls used i n  specialized reactors must be considered. Oxidation of in te rna l  
reactor components, especial ly  fue l  cladding, may ser iously reduce in t eg r i ty  with 
a resu l tan t  release of f i s s ion  products. 

Mlssiles - "Mssi les"  consisting of pieces broken loose from ro ta t ing  pa r t s  
such as turbine blades could conceivably puncture piping o r  vessel  w a l l s  with a 
resultant lo s s  of cooling and/or damage t o  v i t a l  components. 
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Chenical Explosion - Reactions may occur between s t ruc tu ra l  materials and 
coolants at elevated temperatures during an accident o r  even during normal operat- 
ion, and could result i n  an explosion. Possible accidents of t h i s  type must be a considered. 

4.5 Typical Accident Terminating or Limiting Mechanisms 

A reactor  excursion w i l l  result i n  e f f ec t s  t h a t  w i l l  terminate the  chain 
react ion and l i m i t  the  power generated i n  the  excursion. 
w i l l  depend on the  rate of power r i s e  ( the  amount of excess r eac t iv i ty )  and the  
t i m e  lag between the power rise and time required f o r  the  inherent shutdown mech- 
anisms t o  remove suf f ic ien t  reac t iv i ty  t o  reverse the  excursion. 

The t o t a l  power generated 

1. 
f a s t e r  than the  heat can be t ransferred t o  the  cooling medium. 
comes molten, the  geometry of the  core w i l l  be a l tered,  and the gravi ta t iona l  or 
forced flow of t he  molten f u e l  w i l l  reduce the  r eac t iv i ty  and shut the  reactor  
down. 

Meltdown - During a power excursion the  heat generated i n  the  f u e l  rises 
As t he  f u e l  be- 

2. 
f u e l  may not be rapid enough t o  shut the reactor  down before vaporization occurs. 
In  t h i s  case a rapid expulsion of fue l  vapor w i l l  terminate the  excursion. 

Vaporization - If the  power rise is  rapid, the  rearrangement of t he  molten 

3. 
fuel elements and s t ruc tu ra l  components as occurred i n  the  SL-1 accident. 
w i l l  shut t he  reactor  down i f  the  reactor design w i l l  permit a large enough chaage 
i n  geometry. 

Core Expansion - Steam or vapor pressure may produce an outward movement of 
This 

4. 
l a rge  enough, it may serve t o  terminate the excursion, possibly without damage 

Temperature Reactivity Effects  - If the  temperature r e a c t i v i t y  e f f ec t  is  

t o  the  reactor. 

5. 
may cause failure of the  f u e l  latching mechanisms o r  support s t ruc ture  with sub- 

Ejection of Fuel (Mechanical Failure) - Temperature and/or pressure stresses 

sequent e ject ion of fue l  elements or portions thereof from the  core, thus termin- 
a t ing  t h e  reaction, 

4.6 Fission Product Release 

Since the  release of large quant i t ies  of f i s s ion  products to the  atmosphere 
i s  highly undesirable due t o  man's low tolerance of radioactive materials,  as 
many barriers as p rac t i ca l  should be included i n  the  reactor  design. For instance, 
f i s s ion  products i n  a typ ica l  commercial power reactor  must penetrate four  separate 
b a r r i e r s  p r i o r  t o  re lease t o  the  atmosphere. These are: (1) f u e l  matrix, (2) Fuel 
element cladding, ( 3 )  reactor  vessel  and (4) containment vessel. 
t h a t ,  even under the  maximum credible accident, only a s m a l l  par t ,  i f  any, of the 
f i s s i o n  products are re2eased t o  the atmosphere. 
normally has only the f irst  two of these b a r r i e r s  t o  f i s s ion  product release. 

The r e s u l t  i s  

An open cycle spstem, however, 

1. From Molten Fuel 

The percentage of f i s s ion  products released from molten f u e l  depends on a 
nunber of parameters. 



The melting temperature w i l l  be determined by the  chemical composition of 
Uranium metal has a melting point of 1133OC while the  melting point the  fuel.  

of U O ~  i s  2176Oc. 

Very l i t t l e  of t he  f i ss ion  products which remain so l id  w i l l  be released from 
molten f u e l  while a much greater  quantity of those which vo la t i l i ze  w i l l  be re- 
leased. Since f i ss ion  products const i tute  a large number of elements with a wide 
spectrum of boil ing points, t he  melting temperature of t he  f u e l  w i l l  determine t o  
a large extent the  percentage of vo la t i le  f i s s ion  products and, consequently, t he  
overal l  release percentage. Since vaporization procedes at a f i n i t e  rate the  t i m e  
t h a t  the  fue l  remains above fusion temperatures of t h e  various f i s s ion  product e le-  
ments or compounds w i l l  a lso have an e f fec t  on the  per cent release. 

2. From Unmelted Fuel 

The amount of f i s s ion  products released from the  m e l t e d  portion of t he  
f u e l  i s  usually negligible compared t o  the overa l l  release during a reactor  excurs- 
ion lnvolving core meltdown o r  vaporization. Significant quant i t ies  of t he  noble 
gases and halogens may be released by diffusion i f  f u e l  temperatures remain elevated, 
but below t h e  melting point f o r  s ignif icant  time periods, however. 

30 From Vaporized Fuel 

A l l  of the f i ss ion  products are conservatively assumed t o  be released from 
vola t i l i zed  fuel. Subsequent release t o  the  environment depends on fac tors  d i s  - 
cussed below. 

4. Release t o  Environment 

The amount of f i s s ion  products which are subsequently released t o  the  environ- 
ment after release from fuel elements i n  the  reactor  core may be reduced by a 
nw'aer of factors.  

T-e Containment - Closed cycle nuclear power plants  usually are provided with 
E cmtainnent system; a large vessel  completely encompassing the  pressure vessel  
a d  reector  structure. This vessel  is  designed t o  withstand pressures created by 
t h e  rr.a;tlcmi credible accident and idea l ly  prevents the  release of f i s s ion  products 
t o  the eavironment, No p rac t i ca l  completely leak proof system has yet been devised. 
Ewever, a small release rate ( 
as sept able e 

@/day) from the  containment vessel  i s  usual ly  

Codant  Entrainment - Any coolant l o s t  from t h e  reactor  core o r  pressure 
vessel  t o  the  containment vessel  o r  atmosphere w i l l  carry with it a large f rac t ion  
of" the  f i s s ion  products previously released t o  the  coolant. 

Plateout on Cool Surfaces - Many of t he  f i s s ion  products w i l l  adsorb on/or 
cc;mbine chemically with s t ruc tu ra l  surfaces with which they come i n  contact. The 
hslogcns plate-out readi ly  on almost any cool surface. A par t  of t he  vola t i l i zed  
f t s s i o a  products are precipated o r  plated out as temperatures drop during passage 
oitt Lf t he  reactor. Experiments indicate t h a t  t he  percentage plated out can vary 
wxc-ctlg. &pending on specif ic  conditions such as temperature and passage time. A 
t.:rpic?l assumption for a specif ic  system might be t h a t  G$ of Noble Gases, 50% of 
l-3Af7gersj and 7@$ of others p la te  out on cool surfaces and thus, are not released 
t o  the environment. In  some systems, "rainout" due t o  condensation of vaporized 
c o d a n t  nay remove larger  fractions.  

. *  
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Effluent Cleaning - F i l t e r s  and/or other c l eming  media for normal e f f lcent  
w i l l  further reduce the amount of radioactive material released since a large 
par t  of r;ne eff luent  resu l t ing  from an accident w i i i  probably be exhausted through 
bui lding or  f a c i l i t y  exhaust f i l t e r s .  

50  Typical Release Es t imsbes  

A number of release experiments have been conducted f o r  spec i f ic  reactor  ty-pes 
These experiments have been necessarily 

The data is  not yet complete enough t o  be of general 

and more are current ly  planned by the AEC. 
conducted f o r  spec i f ic  types of fuel and cladding, at spec i f ic  temperatures and 
under specialized conditions. 
use in calculat ing acciaentai  release of f i s s i o n  p r d u c t s .  

The former ABP pract ice  w a s  t o  postulate an assumed release fract ion,  and then 
ver i fy  the release experimentally, 
where coolant flow t o  one f u e l  element w a s  de l ibera te ly  blocked and the element 
w e s  allowed t o  m e l t  w i t h  a subsequent re lease of f i s s ion  products t o  the environment, 

Accordingly several  experiments were conducted 

These experiments were carr ied out under meteorological. control  w i t h  a radiat ion 
monitoring grid downwind established t o  cor re la te  rad ioac t iv i ty  concentrations 
downwind w i t h  re lease rates measured by the s tack monitoring system. 
of 1959 the  GE Hazards Council m e t  i n  Gatlinburg, Tennessee, and formulated a 
standarized format for estimating f i ss ion  products released from reactor  accidents 
if  more spec i f ic  data was not available. This 

is reproduced i n  Table I. 
of Ta3le I are' selected as representative of conditions that  m i g h t  be expected 
following an accident i n  a reactor  of the boi l ing  o r  pressurized water type ,  but 
they may a l s o  be i n  the right range f o r  some other systems. 
made, of course, f o r  other assumptions o r  designs. 

I n  the summer 

Th'e spec i f ic  numerical v"alves 

Modifications cazl be 

WEIGHTED FISSION PRODUCT RELEAS 

$I not plated weighted $ released 
6 f-p. in '$ released out on cool t o  the primary loop 

Class of f o p o  reactor  f ie1 frm fuel surface f o r  50$ core m e l t  

Noble Gases 10 
Halogens 10 
Volat i le  Solids ll 
A l l  F"hf2r-S 69 

100 100 
50 50 
50 30 
1 30 

5 
1.3  
0.8 
0.1 
7.2 
- 
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5.0 NORMAL OPEXATING 

During normal re 

HAZARDS 

c t o r  operation c e r t  i n  radi t ion  hazard are present which 
must be considered, Direct radiat ion from the  Fower plant  normally presents prob- 
lems which are solved by a combination of reactor  and f a c i l i t y  design and adninis-  
t r a t i v e  control. Release of radioactive mater ia l  t o  t he  environment is  another 
problem which requires consideration. Pre-analysis of expected f i s s ion  or ac t -  
ivat ion product release during normal operations must be m a d e  and adequate safe- 
guards provided t o  insure t h a t  any such release is  kept within non hazardous l i m i t s .  

5.1 Fissior, Product Release 

Even a minute release of f i s s ion  products from t h e  f u e l  s t ructure ,  at  a 
continuous rate, may have serious consequences during normal operations. 
cladding in tegr i ty  is maintained, l o s s  of f i s s ion  products whose volat izat ion 
temperature i s  less  than operating temperature can occur by gaseous diffusion 
through the matrix and cladding. When f u e l  cladding in t eg r i ty  i s  violated f i s s ion  
products may be ejected through the breach by d i r e c t  r eco i l  during the  f i s s ion  
process, 

If f u e l  

Loss of cladding in t eg r i ty  could progress slowly by erosion, corrosion, or 
c1nen:ical action of minute quant i t ies  of foreign matter i n  t h e  coolant stream. 
Va2or pressures within the  fue l  could create b l i s t e r s  at localized hot spots. 
In  this case loss  of f i ss ion  products could occur f r 9 m  a combination of r eco i l  
ana diffusion. 

5.2 Direct Radiation 

Racliation dose rates external  t o  the  power plant  shielding during normal 
operation are a resul t  of various sources of a c t i v i t y  such as: 

1, Direct radiation leakage from the  reactor  core through the  shield 
20 

3* Fission product a c t i v i t y  i n  the  coolanto 
4. 

Neutron induced a c t i v i t y  (such as A 4 1  and N16) i n  t h e  moderator and/or 
coolant., 

Effluent a c t i v i t y  i n  gaseous waste handling systems. 

6.0 14AThTENANCE AND SERVICING HAZARDS 

6,1 Reactor Accidents during Maintenance O2erations 

Mechanisms f o r  i n i t i a t i n g  reactor accidents as discussed i n  section 4 apply 
t o  both operations and maintenance. 
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The probabi l i ty  that an accident w i l l  occur during servicing or  maintenance 
operations i s  higher than during reactor operation f o r  at least two reasons: (1) 
An increased number and var ie ty  of workers are inuolved, and (2)  S e n i c i c g  fre- 
quently involves unforeseen maintenance and repairs,  and procedures f o r  dealing 
w i t h  them are not as expl ic i t  as normal operating procedures. 

The e f fec ts  of an accident occurring during maintenance o r  servicing w i l l  
probzblybe more severe than f o r  other types of accidents f o r  the following reasons: 
Men working d i r e c t l y  on the  power plant would receive la rger  d i r ec t  radiation 
doses than would be l i k e l y  under other circumstances. 
and/or containment vessel  would probably be breached during such operations, a 
consequent la rger  release of f j s s i o n  pmdixts t.n the P E Y ~ ~ ~ C I E T ~ E ~  crvfiil be expected. 

Since the pressure vessel  

6.2 Fuel Handling and Storage Accidents 

Because of the  hazards that  could result from an accidental  chain reaction, 
s t r ingent  requirements governing the  handling and storage of reactor  f u e l  have been 
established t o  prevent such an occurrence. Each individual case-of f u e l  storage 
or  handling is  studied md acceptable conditions f o r  performing the function are 
specified. A l l  a c t i v i t i e s  i n  the storage and handling of f u e l  are  supervised by 
t ra ined  personnel as an additional safeguard. 

1. Control Parameters 

The mount of f iss ionable  material necessary t o  cause a chain reaction during 
handling and storage depends on a large number of parameters. 
important ones are : 

A f e w  of the more 

M a s s  - - A minimum of approximately 2 lbs. of uranium i s  necessary to  sustain 
a chein reaction under moderated conditions. 

Geometry - A spherical  shaped m a s s  i s  more react ive than any other. 

Moderation - Neutrons must be moderated (slowed down) by some m a t e r i a l  such 

Without moderation a minimum of about 45 lbs. of uranium i s  necessary t o  
as water, before the  f i s s ion  chain reaction w i l l  occur w i t h  a s m a l l  amount of 
U235. 
sustein a chain reaction, 

Interact ion - It is  possible for  two subc r i t i ca l  
Other control  by bringing them in to  close proximity. 

density, homogeniety, f u e l  enrichment, and poisons. 

2,  Procedural Controls 

In pract ice  one o r  two parameters are controlled 

systems t o  be made c r i t i c a l  
parameters are ref lect ion,  

during handling and storage 
w i t h  others considered at op~ixnm reactivity.  
container s i ze  and the  individual containers are  separated by physical barriers. 
Wnenever possible handling operations are  conducted under conditions where c r i t i c -  
ali+,y i s  v i r tua l ly  impossible, and as l i t t l e  dependence as feas ib le  is  placed on 
roEtine personnel actions. 

I n  general, t h e  m a s s  i s  l imited by 
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3. Potent ia l  Results 

It i s  not expected that a nuclear accident resu l t ing  from improper storage . 

or  handling of fissionable mater ia l  could result i n  an explosion compared t o  even 
the e a r l i e s t  of the atomic bombs. However, an accident of t h i s  kind could r e s u l t  
i n  radiat ion l e v e l s  that might be l e tha l .  
heat t o  melt metals, extensive contamination of equipment and f a c i l i t i e s  could 
resul t .  Radia t ion  and contamination le-rels conceivably could require that. many 
months elapse pr ior  t o  the safe resumption of operations. 
be best compared t o  an accidental  chemical react ion accompanied by t h e  release of 
considerable quant i t ies  of toxic  materials. 

I f  such an accident generated su f f i c i en t  

The incident can prabably - 

6.3 Direct Radiation 

Workers must be protected from d i r e c t  radiat ion during the  t r a n s f e r  of irrad- 
i a ted  reactor  cores and f u e l  elements, while handling radioactive waste, and while 
working on conteminated o r  act ivated equipment. 
and carefu l ly  prepared procedures covering these operations a re  necessary t o  ade- 
quately safeguard personnel. 

Accurate shielding calculat ions 

6.4 Airborne Activity 

Airborne ac t iv i ty  is  especial ly  hazardous i n  t h a t  many of the f i s s ion  products 
tend t o  remain i n  the body a f t e r  deposition i n  the lung. 
i v i t y  include re-entrainment of surface contamination created during previous 
operation o r  accident . 

Sources of airborne act- 

o 
While the  source of f i s s ion  gas a c t i v i t y  is  grea tes t  during reactor  operation, 

f i s s ion  gases may continue t o  escape from the reactor  after shutdown, creat ing 
hazards during servicing for a period of days. 

6.5 Surface Contamination , , 

Surface contamination is  defined as radioactive materials deposited on the 
Contamination provides a d i r e c t  radiat ion hazard, and t h i s  surface of objects. 

can be a heal th  hazard i f  it comes i n  d i r e c t  contact with the skin or  i s  inhaled. 

6.6 Radioactive Waste Pisposal 

If the  concentration of radioactive material is above permissible l i m i t s  f o r  
discharge t o  the environment, the radioactive mater ia l  i s  e i t h e r  stored o r  pack- 
aged and buried.either i n  the  ear th  o r  deep sea. 
such tha t  there  i s  reasonable assurance tha t  hazardous amounts of radioactive 
mater ia l  w i l l  not be released t o  the environment at any time i n  the  future. 

Packaging and b u r i a l  must be 
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7.0 RADIOLOGICAL HAZARDS - BIOLOGICAL CONSIDERATIONS a 
External Radiation 

E x t e r n a l  radiat ion is that radiation, a f fec t ing  a biological  system, or iginat-  
ing from sources outside the system. 

1. Range and Penetration 

ma Lue ---- --a Fsvx-stL= ~ b i l i t y  &' the varintls t y p s  of rad ia t ion  varies 
greatly. 
penetrate the skin suf f ic ien t ly  t o  be considered an external hazard. The range of 
beta rad ia t ion  may be as great as several  yards i n  air  but i t s  penetrating a b i l i t y  
is such that, if the  eyes a re  shielded, the dose received from it is not considered 
a whole body dose, but only a skin dose. 

Alpha radiat ion has a range of only a f e w  centimeters i n  a i r  and w i l l  not 

Gamma and neutron radiat ion is absorbed exponentially and is considered a whole 
body dose. 

2. Radiation Units 

Roentgen (r) 

Definit ion - The qurm-ity of X or gamana rad ia t ion  such that the 
associated corpuscular emission per O.OOI.Z!93 grams of air  pro- 
duces, i n  air, ions carrying one e l e c t r o s t a t i c  unit of quant i ty  
of e l e c t r i c i t y  of e i the r  sign. 

Application - The roentgen is the  term used t o  express the 
amount of X or  gamma radiation delivered t o  a specif ied area o r  
t o  a psrt of o r  the whole body. 

Roentgen Absorbed Dose (rad)  

Definit ion - The unit  of absorbed dose equivalent t o  100 ergs/-. 

Application - The rad i s  the term used t o  express the  amount of 
beta radiation, or the t o t a l  of all beta plus gamma rad ia t ion  
absorbed i n  a specified area o r  t o  a psrt of or the  whole body 
of any material. 
of beta radia t ion  it should be wri t ten  1 rad, beta; if the  term 
is t o  be used t o  express a mixture of beta and gannaa rad ia t ion  
it should be wr i t ten  - 1 rad. 

If the  term is t o  be used t o  express an  amount 

Roentgen Equivalent Man (rem) 

Definit ion - That quantity of any type ionizing rad ia t ion  which 
when abosrbed by man produces an e f f e c t  equivalent t o  the absorp- 
t i o n  by man of one roentgen of X o r  ganuna rad ia t ion  (400 KEV). 
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Application - The rem i s  the term used t o  express the  amount 
of a l l  radiation including neutrons delivered t o  a specified 
area or  t o  part of or the whole body. When the term is  used 
t o  express neutron b s e  it should be wr i t ten  - 1 rem-neutrons; 
when used t o  express t o t a l  dose including neutrons it should 
be w r i t t e n  - 1 r e m .  

Curie ( c )  

A curie i s  that quantity cf radioactive material that dis in-  
tegrates a t  a r a t e  of 3.7 x 1010 disintegrat ions per second. 

A microcure (10-6 curies)  is  equivalent t o  3.7 x 104 disin-  
tegrations per second. 

A mill icur ie  (10-3 curies)  i s  equivalent t o  3.7 x lo7 dis in-  
tegrations per second. 

3o Relative Biological Effectiveness (RB3) 

Relative Biological Effectiveness i s  the r a t i o  of gamma or  X-ray dose t h a t  i s  
required t o  produce a given biological  e f f ec t  t o  the dose of a par t icu lar  type of 
radiat ion which would cause the same ef fec t .  

7.2 In te rna l  Exposme 

In te rna l  exposures is  %bat  radiat ion a f fec t ing  a biological  system originat ing 
f rm somces within the systen. 

1. Intake 

The various ways t h a t  radioactive material can en ter  the  body are: 

Inhalation 
Ingest ion 
Absorption t h r o w  the sitln 
Skin openings - (Material may enter  d i r ec t ly  i n t o  eyes, ears, 
cuts  or abrasions 

2 .  In te rna l  Depositions - 
The per cent of radioactive maateraal enter ing the body which becomes deposited 

within the  body depends on the method of intake and the  form of radioactive material. 

The penetration and retent ion of par t ic les  i n  the lungs is  a function of par t fc le .  
s ize .  
i a l  regardless of the method of ectry. 

Soluble material  is more readi ly  retained i n  the  body than is  insoluble mater- 

Different chemical f o r m  of the radioactive material tend t o  concentrate i n  
various organs of the body. 
thy-roicl, while f i s s ion  products re la ted  t o  cabcium, such as Sr9O9 are concentrated 
i n  the  bone. 

For instance, radioactive iodine is  concentrated i n  the  
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3. C r i t i c a l  Organ Concept 

Since body organs a re  ne- a l l  equally radio-sensit ive nor equally v i t a l  t o  the  
w e l l  being of the  e n t i r e  boay, it i s  not necessarily t rue  that the dose t o  the organ 
accumulating the greatest  concentration of radioactive mater ia l  w i l l  r e s u l t  i n  the 
grea tes t  over-all  damage t o  the body. 

The c r i t i c a l  organ f o r  a given isotope i s  therefore defined as that organ receiv- 
ing  the isotope that results i n  the greatest over-all damage t o  the body. 

4. Units 

Units of i n t e rna l  radiat ion exposures are the  same as f o r  external exposures. 

7.3 Permissible Limits 

1. Basis f o r  Establishing Radiation Protection Guides 

A dose S e l m  which no poss ib i l i t y  of genetic o r  somatic damage e x i s t s  has not 
been established for ionizing radiation. 
dose it i s  considered wise t o  avoid all unnecessary exposure t o  radionuclides. 
ingly a permissible radiat ion dose l i m i t  i s  not that does which suddenly becomes 
h s m ~ ~ I o * ~ ,  a t  t h f  pein t i  T h e r e f ~ r e ~  doses should be keFt a t  the lowest p rac t i ca l  
level.  Also, radiat ion guides should not be accepted as absolute limits. Rather 
they should be regarded as that dose which should not be exceeded without careful  
consideration of both genetic and soaatic e f fec ts .  

I n  the  absence of an established threshold 
Accord- 

Radiation indnced deleterious mutations may be passed on t o  fu tu re  generations. 
The t o t a l  damage is dependent on the  t o t a l  integrated dose received by the popula- 
t i o n  and is relatkvely independent of the number of individuals exposed. 

Also, since the t o t a l  number of radiat ion workers i s  small compared t o  the t o t a l  
population, it has been possible t o  s e t  "occupational" radiat ion l i m i t s  higher than 
those f o r  the general pibblic. These limits a re  generally based on the a k e n c e  of 
observed e f f ec t s  a t  these low doses. However, it is  expected tht, i n  the l i g h t  of 
present knowledge, occupational exposure f o r  the working l i fe  of an individual a t  
the recarrmended maximii permissible values is  not expected t o  e n t a i l  appreciable 
r i s k  t o  the individual or  t o  present a hazard more severe than those commonly 
accepted i n  other present-day industries.  

2. Occupational Whole Sody Radiation Dose Protection Guides 

The guides established f o r  occupational whole body rad ia t ion  are: 

Accumulated L i f e t h e  t o t a l  - 5(~-18) Rem 

where N f the  age of the individual i n  years 

Annual - I 2  Rem 

Quarter ly  (any 13 week period) - 3 Rem 
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3. Occupational Critical- Organ Dose Protection Guides 

The Federal Radiation Council has recommended the  following c r i t i c a l  organ dose 
guides : 

Skin and Thyroid 10 Rem/qtr; 30 Rem/yr .  
Extremities 25 R e m / q t r ;  75 R e m / y r .  
Ey?s, Gonads, Head, Trunk, and 
Blood-f orming Organs 
Bone Equivalent t o  0.1 p g R a  
Others 5 R e m / q t r ;  15 Rem/yr .  

226 
Same as whole body 

c 4. Population Dose Recmendations 

The Federal Radiation Come51 has recommenaed limits for public exposures from 
sources other t h a n  that received f o r  medical purposes and fram natural sources as 
follows : 

idhole Body 

Xudividual - 0.5 R e m / y r .  
Average - 5.0 Rem/3O y r s .  
Sample of exposed population - 0.17 Rem/yr .  per capi ta  

Thyroid 

Individual - 1.5 Ren/yr. 
Sample of exposed popaa t ion  - 0.5 R ~ / P .  

5. Accepted mergency Dose Lfmfts 

The emer7ency dose l f n i t  i s  that dose which may be accepted t o  save lives or 
valilable property. 
Rot be included i n  the l i f e t h e  t o t a l  dose formula: 

It fs l imited t o  once f n  a Lifetime of any individual and need 
5(~-18) Rem. 

The occupational whole body emergency dose l i m i t  is  25 Rem. Although no spec- 
i f i c  recommendation has been established f o r  the  general population, 8, 1bit of 25 
Rem is  usually accepted a d  i s  frequently used i n  reactor  s i t i n g  c r i t e r i a .  
spec i f ic  recommendation has been made f o r  a thyroid emergency dose l imi t .  
lhit i s  usually accepted for both occupational and public exposures. 

No 
A 300 Rem 

8.0 CALC-ULATION OF EFFLUENT EAzAmS 

The calculation of eff luent  hazards involves the  calculation of three factors :  
the source term representing the mount of rad ioac t iv i ty  release t o  the  environment, 
the biological  term giving the  dose received by the  population, and the  transport  
term describing the dispersion of the eff luent .  
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8.1 me Source 

me source term used i n  estimating e f f luent  hazaras is  betemiced f o ~  e i ther  
the  accident case as outlined i n  Section 4 or f o r  the normal operating case as i n  
Section 5. For the  accident case the source term may be qufte c losely defined by 
the  conditions inrposed i n  postulating the accident. 
able  from f u e l  sample t e s t s ,  i n  environments s imilar  t o  those proposed f o r  the n o m l  
operating conditions, the normal operating source term m y  be qtzite c losely defined; 
however, when such data is not available, one m u s t  r e so r t  t o  "best estimates" t o  
define a source term uti1 such tfme as operating data become available.  
e f f luen t  release w i l l  contain radioactive material in both the gaseous and par t icu-  
l a t e  forms. 

If experihental data is  avail- 

Wten an 

8.2 The Biological Tern 

The dose received by a population downwind from a radioactive reLease is  the s m  
. of doses received by several  nodes of exposure. 

1. Eeosure  Modes 

E x t e r n a l  - Cloud Passage - !The external  dose due t o  passsge of the  e f f luent  
cloud is that uose received from radiation e m i x i t i n g  frm the ~sdic;azti.re zonsti tu- 
en ts  of the  cloud while they a re  airborne. A receptor on the ground may be exposed 
t o  the rad ia t ion  from the  cloud while the cloud is above him o r  he may be 'iomnersed 
i n  the  cloud. Of prime hpor tsxce  fs deep penetrating gamma, Tadfation giirlng r i s e  
t o  "whole body'' exposure; although technically speaking, the b e t s  radiat ion dose 
(sha3.low penetmtion) t o  the skin, eyes, gonads, etc., may be comiaered if the 
receptor is immersed fn %e cloud awing  i ts  passage. 

Inhalat ion - Cloud Passage - Dose t o  Byrofd, Lung, and %fie - While ';he recep- 
t o r  is  immersed i n  the ef f luent  cloud during i t s  passage he w i l l  inhale some of the  
radioactive material, 
p a r t i c l e  s i z e  and breathing rates ,  w i l l  be retained in the resp i ra tory  passages, 
the smaller pa r t i c l e s  penetrating into the  alveolar  regions of" the  lmg. 
mterials of proper sclctbf l i t ies  w i l l  subsequently en ter  the blood stream. 
ing on the chemical propertfes of the  various isotopes enter ing the bled s t r e a  
various body organs may be affected.  For the radioactive isctopes of iodine t3e 
thyroid becomes the c r i t i c a l  organ. Isotopes of strontium, barium, p rme th im,  
etc. ,  tend t o  co l lec t  i n  the bone. Once the  radioactive mater ia l  is  deposited i n  a 
body organ, the beta dis integrat ion energy f o r  those isotopes i s  absorbed by the 
organ and is usually expressed in mits of rad dose. 

A porttorn of t h i s  material, depending on such fac tors  as  

Tkose 
Dep&- 

External - Grou?id Deposition - E"allout, Rainout, Plateout - Another sowce of 
radiat ion t o  a downwind receptm resu l t ing  from passage of an ef f luent  cloud is  t h a t  
from the deposition of radioactive material  on the  ground or  on vegetatior, near the 
ground creat ing a plane source of external radiatkon that conttinues t o  e x i s t  a f t e r  
cloud passage. This source is the  result of three mechanisms of deposition; namely, 
fa l lou t ,  rainout, and plateout.  Fallout is s-y the ground deposition of airborne 
pa r t i c l e s  under the force of gravitation. 
the pa r t i c l e  s ize  distribu%ion. Rsinout is a result of the const i tuents  of the 
e f f luent  c l o d  bekng cau& by r a i n  droplets  e i t h e r  t k o u g h  w + , i c L e  entrainment cir 
adsorption of the gases by the droplet. Plateoct  of rad ioac t iv i ty  r e s - d t s  f rm Yae 
intimate contact of the gaseolas nzte-fal i n  the eff lueEt  cloud with surface areas.  
The gases "plateout" by absoqtion-adscrption processes. 

The rate of deposition is a funct ioc of 
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Ground depositfon results i n  depletion of t he  cloud and, consequently, reduces 
tLe dose t o  receptors fur ther  8owmind. 

Sagestion - BioLogfc$l- Cycles - Ingestion of radioactive mater ia l  by man may 
(1) Elh%nat%on of particulates from the respira- occur by two important processes: 

t o r y  crac t  by c f l i i a - y  movement in to  %ne t h o a 3  where i.t, i s  consequently swallowed. 
(2)  Ingestion 02' food or  water con+tamimted w i t h  radioactive material. As outlined 
in the  previous paragraph, e f f luent  clouds m y  contaminate soil and leafy vegetables 
resu l t ing  i n  incorporation of radioscttve material i n t o  a biological  cycle. Biologi- 
c a l  systems and biological cycles tend t o  concentrate radioactive material. Example: 
A.n e t f iuent  cloud containing radioacti-qe isotopes of iodine contaminates a pasture 
land by plateout.  N 3 . k  e m s  graze on t h e  contaminated grass concentrating the  iodine 
i n  the mi lk .  The milk i s  consumed by man whose digest ive system t ransfers  the  iodine 
t o  %he t h r o i d .  
xdkosc t fv i ty  i n  e. small organ, 
magnitude greater than the  dose t o  any other organ from any of the other nodes of 
exposure discussed so Tar. Tiis becomes an especfal ly  important consideration if 
the m i l k  is consuned by infants and small children whose d ie t  consis ts  mainly of 
nilir and whose tbyroid 5s smal4. 

This is a rather  e f f i c i en t  cycle resu l t ing  i n  the  concentration of 
The resu l t ing  dose t o  the  thyroid may be orders of 

2 a Bioloz%cal Constan'is used in Dose Cale~alatlons 

Standard Man - Recommended Values Available - ICRP - The calculat ion of dose 
----___I- 

t o  a biological  system sach as man recufres some knowledge of the  bio-physical 
processes involved. This is e s p c i a l l y  true of in t e rna l  dose. Many of the  con- 
s t an t s  used i n  dose calc-ulatfons have been e s sen t i a l ly  standardized by use of a 
convention cal led "standarti man" whick defines such prameters as size,  weight, 
density, elemental exchange rates,, intake and ou%put of the body o r  body organs. 
Recommended values of these parameters have been tabulated f o r  use i n  dose calcu- 
la t ions .  These appear i n  National Bureau of Standards handbooks and i n  various 
other publications, Journals, end hnclbooks. The most ac t ive  group involved i n  
standardizing calculational techniques 
In%ernat;ional Commission on Radiation Ro tec t ion .  
lish& i n  the "EeaLth 3Lysics Jowml'' 

recamending standard values i s  the  
Results of t h e f r  work are pub- 

Special Cases - Use of "s'ca~iiard Y!n" p r s e t e r s  when considering dose t o  a 
pcpvlatfon from an ef f luent  cloud ps~q.ge is  not always precisely applicable, 
Special o r  1 b i t L n g  cases arise for SOLE situaC,is.ons. A case i n  point is the  concen- 
tra'cion of iodine isotopes by the biological cycle mentioned i n  7.2.1,4. 
of a clzf$d's thyroid fs 
chlld 's  thyrofd w F l l  be -10 t¶.?nes gr2ater than t o  a standard man f o r  the  same 
amount of radio-iodine ingested. 

The mass 
-1/1Q t h a t  of a standard man; therefore, the dose t o  a 

8.3 Transpcjrt and Disgersion of - Efflwxk 

Once the aff luent  release i s  beyoezd physical control  of the  plant, atmospheric 
cordftfons, and t o  some extenL the  conditfon of the  effluent,  w i l l  determine how 
the cloud or plume w i l l  be transported az1.13 dispersed downwind from the  release 
point. 
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1, I n i t i a l  Dilution - Turbulent Wake of Bufldings - Stack A w e n t a t i o n  

As the release leaves the physical cor;"iaes of the bsdlding, test, f a c i l i t y ,  o r  

If the release is  tho@ a stack, augnentation of the stack draft 
In i t i a l .  d i lu t ion  is  an important consider- 

stack, s igni f icant  i n i t i a l  d i lu t ion  may take place by as2 turbulence i n  the wind wake 
of the building. 
may cause considerable i n i t i a l  di lut ion.  
a t i o n  especially t" short  diffusion distances are being considered (i.e., if the  
receptor is  a shor t  distance downwind). 

2. Effective Release H e i g h t  - Temperature Velocity, Volrmne, Wind Velocity 

An hportant consideration i n  estfrnating dawn w i n t i  dose froa s€fi-miit is &&s 
determination of an ef fec t ive  release height. 
i n i t i a l  stack, chimney, or  vent height plus the r i s e  of the gas due t o  i ts  tempera- 
ture, velocity, e tc .  Several mathematical models have been proposed f o r  estimaating 
t h i s  e f f e c t  and sane have been partially verif'ied f o r  cer ta in  conditions. 
ive release height becomes less important i n  the hazard calculat ion if the dis tacce 
downwind t o  the point of i n t e r e s t  is very much larger than the e f fec t ive  release 
height. Effective release heights f o r  nuclear rocket tests may be great, depending 
on the or ientat ion of the  nozzle. 
tz dnunvin_cf pprilations, ef fec t ive  release height corrections t o  hazard caiculations 
w i l l  become highly important. 

Effective release height i s  the 

Effect-  

U n l e s s  large diffusion distances are avai lable  

3. Atmospheric Conditions 

Atmospheric diffusion of' an eff iuent  is ususl lythought  of i n  terms of a turbu- 
l e n t  motion o r  mixing process. 
speed, w i n d  d i rec t ion  sh i f t s ,  w i n d  shear (change of w i n d  d i rec t ion  with height) and 
atmospheric s t a b i l i t y w h i c h  is usually defined as a function of the  temperatwe 
gradient with height. 

Parsaeters a f fec t ing  t h i s  mixing process R r e  w i n d  

Wind Speed - The o-rerall e f f ec t  of w i d  speed on cloud dispersion is  t o  increase 
d i f fus ion  with an increase i n  velocity, %bus reducing the concentration of %he C P O U  
and t he  resu l t ing  dose. Offsett ing t h i s  benef ic ia l  e f fec t ,  however, i s  the more 
rapid t ransport  of the ef f luent  allowing less time for radioactive decay before 
reaching the population of concern. 
ing  with postclated release of f resh  f i s s i o n  products from an operating reactor.  

This is  an important consifieration when deal- 

Wind Direction - Wind direct ton f luctuat ions tend t o  disperse the  cloud more 
The e f f e c t  on Cispersion is a fvsc t ion  of the  magnitude, freqwzlcy9 and rapidly.  

shape of the f luctuat ion.  
an instantaneous o r  puff' release. 
(upon which high frequency fltactmtfons may be imposed) sometimes re fer red  t o  as 
meander, which become more -ortact when considering continuous release of ef f luent .  
An analpis of annual and seasonalwlnd d i rec t ion  data may be desirable  when per- 
foming calculations f o r  si te select ion or when designing an operational control  
program i n  which it may be desirable t o  u t i l i z e  winds from a papt icular  sec tor  t o  
disperse the  effluen5 away from human populatlons. 
i n  the form of a wind rose. 

Bgh frequency shifts are important when considering 
Added t o  this e f f e c t  are the low frequency s h i f t s  

This data  is usually presented 



0 ~ i ; i d  Shear - Wind shear i s  the gradual change of wind d i rec t ion  with height 
and. 6Z-j becomes important when considering release with high e f fec t ive  release 
heights such as that from high ef fec t ive  stacks or  rocket exhausts. 

A-maspheric S tab i l i t y  - Tenperatpjtre Grsd.ients - The s t a b i l i t y  of the atmosphere 
i s  us=lly expressed as a fmiction of the temperature gradient with height. 
the a+aospheric temperature decreases with height the condition is  defined as a 
lapse (a n o m 1  day time condition). 
8, leyer  of' atmosphere the condition is defPned as an inversion (usual ly  a nocturnal 
conift ion).  
diffusfon).  
diffusion) .  
t o  several  thousand- feet .  An intermediate or  isothermal condition e x i s t s  if there  
i s  iio change i n  temperature with hefgkt through a Layer  of atmosphere. 

When 

When temperature increases with height through 

A lapse condition characterizes an  unstable atmosphere (good ef f luent  
An inversion condition characterizes a s tab le  atmosphere (poor eff luent  
The depth of inversion Payers may vary widely, from a f e w  hundred f ee t  

Mecl?anicrl TFbdPnce - Mechanical turbulence as opposed t o  the  thermal turbu- 
lence dfscussed above, i s  a iunctlon, prbBrQy, of t e r r a i n  roughness. Hence 
a^acspher€c diffusion problem rely on the a b i l i t y  t o  in te rpre t  these conditions i n  
pi-qer terms wlaieh can be expyessej. by a mathematical model. 

A number of mathematical. models have been developed t o  express atmospheric 
diffusion of a i r  polluteants. 
& Pearson (Ref ..:I9 and Sutton (8ef.l) a re  possibly the best known. 
Su t ton  has been widely used a t  atomlie energy ins ta l la t ions  t o  predict  e f f luent  
d i f f u s i o n .  
h s  net with general success i n  the ver i f ica t ion  process. 
three constants f o r  the comj$etely non-isotropic point source. 
constants are functions of the wlnd veboctty, t e r r a i n  roughness and temperature 
distribzltion i n  the atnosphere. I n  general the equation has suf f ic ien t  f l e x i -  
Sili ' iy t o  be applicable t o  aLY neteorolcglcal conditions. To a receptor on the 
Film3 center l l re  a t  g-oind l e v e l  downwtnd f rm a continuous point source the  cloud 
ccnceztratkon i s  L S L I & ~ ~ ~  expressed as follows: 

Of these, the equations of Roberts ( R e f  .!), Bosanquet 
The equation of 

This eqmt icn  i s  i n  some respects more f l ex ib l e  than other models and 

The values of the 
lrae equatfon contains 

wkere x - Concentration (cu-ries/meter3, grams/meter3 e tc .  
Q = Source strength (claPies/sec, grms/sec e tc . )  
h - Effective stack height (aeters) 
11. = Average w i d -  speed (meters/sec) 

c,,cy :: Standard deviation of gaussian d is t r ibu t ion  of 
the cencentration i n  the vertical and lateral 
directions with respect t o  the wind direct ion 
coirscident w i t h  the x axis .  



n = Atmospheric stability parameter (dimensionless) 
x Distance dOwIIWind (meters) 
c = Diffusion coeff ic ient  (meters n/2) 

The factor 2 is included t o  r e f l e c t  the assamption that the ground i s  a r e f l e c t -  
ing  plane thus doubling the concentration t o  a receptor at  ground level. The d i f -  
fusion coeff ic ient  c is a lso  a function of the  release height, t h a t  is, turbulence 
and m i x i n g  tends t o  decrease with height. 
:or great t E e c t i ~ s  s*ack hi&ts s * x D  as these thnf. say be eqected f o r  ce r t a in  
rocket firings or high effective stacks. 

This correlat ion has not been w e l l  defined 

9.0 s- 

Safety and hazards analysis requires many engineering d isc ip l ines  t o  be under- 
I n  general stood and coordinated i n  order t o  e f fec t  a t r u l y  sa t i s f ac to ry  solution. 

it may be stated that from the very conceptual design stage of a reactor  system 
safety and hazards control should be an  in t eg ra l  part o i  the  engineering affozt.. 
A thorough understanding of what regulatory agencies w i l l  require i n  the way of 
documentation, pre-analysis, and proposed control l ing procedures w i l l  save much 
time and money which m i g h t  otherwise be spent i n  redesign of components which f a i l  
t o  pass t he  various sa fe ty  reviews which are required, and i n  reschedulfng t o  
accommodate the  delays which raay be involved. The proper a t ten t ion  t o  nuclear safety 
and hea l th  physics considerations throughout the evolution of the system w i l l  cir- 
cumvent many problem areas that would otherwise a r i s e  and delay the program or  r e s t r i c t  
the  operation of the system when it is ready f o r  t e s t .  

a 
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APPENDIX A 

OUTLIWE FOR A PRELIMINARY HAZARDS SUMMARY mPORT 

OF A NuCLT3AR REACTOR FACILITY* 

I. Summary 
A. General  description of f a c i l i t y  
B. Proposed operation specif icat ions 
C. Reactor physics 
D. Reactor control 
E. Physical s t ructures  
F. Fac i l i t y  systems 
G. Accidents analyzed 
H. Hazards evaluation (Applicant self -evaluation) 

11. Introduction 

111. Site  c. rnvironmental Analysis 
A. Geography 
B. Population density and d is t r ibu t ion  
C. Meteorology 

1. Winds 
2. Temperature 
3. Precipi ta t ion 
4. Atmosphere s t a b i l i t y  
5. Atmosphere dust loads 

1. Water flow 
2. Ground water uses 
3. T i d a l  e f fec ts  
4. Restrictions 

D. Hydrology 

E. Geology 
F. Topography 
G. Seismology 

IV. Fac i l i ty  Description 
A. Fac i l i t y  

1. Purpose and scope of operation 
2. Functional arrangement of buildings 

1. Nuclear design 
B. Reactor core 

a. Neutron f l u  
bo  Nuclear parameters 
C. Neutron l i fe t ime 
d. Fuel configuration 
e. Fuel cycle 
f. Metal t o  coolant r a t i o  
go Required excess r eac t iv i ty  
h. Reactivity coefficients 
io Reactor kinet ics  

*Based on a compilation by Captain G. B. Conner, USAF, 1959. 



2. Physical charac te r i s t ics  
a. Fuel assemblies 
b. Support and s t ruc tu ra l  elements 
C. Access holes 
H e s t  t ransfer  and f l u i d  f l a w  
a. Tem2eratures 
b. Pressures 
C. Velocit ies 
d. Heat f l ux  
e. Heat t ransfer  area 
f. Heat capacity 
g. Steam voids 
h. Power density 
i. Hot spot analysis 

3. 

C. Reactor control 
1. Control rods 

a. Configuration 
b. Reactivity worth 
c. Control r a t e  of change 

a. Drive mechanisms 
b. Linkages 
C. Posit ion indicators 

2. R o d  drives 

3. Interlocks 
4. Control action 
5. Neutron source 
6. Testing program 

D. Pressure vessels 
1. Design specifications 
2. Penetrations 
3. Testing program 

1. Thermal 
2. Biological 
3. B l a s t  

1, Design philosophy 
2. Detailed c i r cu i t ry  
3. Testing program 

G. Cooling Systems 
1. Primary 

3. Secondairy 
4. 

1. Configuration 
2. Purpose 
3. Reactivity e f fec ts  

1. Auxiliary control 
2. Ventilation 
3. 
4. Hot c e l l s  
5. Radioactive waste disposal  

a. Treatment f a c i l i t i e s  
b. Storage f a c i l i t i e s  
C. Disposal f a c i l i t i e s  

E. Shielding 

F. Instrumentation 

20 A U X i l i W Y  

Emergency and decay heat removed 
H. Experimental f a c i l i t i e s  

I. Auxiliary Systems 

R e 1  storage and handling system 
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c. 

E. 

F. 

G, 

H. 

I. 

3. Heat transfer and f l u i d  flow 
a. Tem3eratures 
b. Pressures 
c o  Velocities 
d. Heat flux 
e. Heat t ransfer  area 
f .  Heat capacity 
g. Steam voids 
h. Power density 
5. Hot spot analysis 

Reactor con-krol 
1. Control rods 

a. Configuration 
bo Reactivity worth 
C. Control rate of change 

a. Drive nechanisms 
be Linkages 
C. Posit ion indicators 

2. Rod drives 

3. Interlocks 
4. Control action 
5. Neutron source 
6. Testing program 
Pressure vessels 
1. Design specif icat ions 
2. Penetrations 
3. Testing program 
Shielding 
1. Tiiermal 
2, Biological 
3 .  Blast  
Ins t  nune=ltz;t ion 
1. Design philosophy 
2. Detailed c i r cu i t ry  
3. Testing pogram 
Cooling Systems 
1. Prixary 
2. Awciliery 
3. Secor,darg 
4. 
Experimcctal f a c i l i t i e s  
1. Configmation 
2. Rrpose 
3. Reactivity e f f ec t s  
Auxiliary Syatenis 
1. Auxilizry coctrol  
2. Ventila’Gion 
3. 
4. Hot c e l l s  
5. Radioactive waste disposal 

a. Treatment f a c i l i t i e s  
b. Storage f a c i l i t i e s  
C. Disposal f a c i l i t i e s  

Ehergency and decay heat removed 

Fuel stoi-age and handling system 



J. Containment 
1. General description 
2. %sign c r i t e r i a  and philosophy 
3. Construction 
4. Testing program 

K. Component t e s t i n g  program 
L. Reactor physics summary 

V. Accident Analysis 
A. I n i t i a t i n g  events 

1. Cmponent malfunction 

1. Pressure l o s s  
a, L.se  nf coolant 

a. Pipe rupture o r  break 
b. Pump failure 
co  Pressure vessel  leaks 

2. Valve f a i lu re  
3. Leaks 

be Reactor core f a i l u r e  
1, Excessive core pressures 
2. Control rcd 
3. P A P 1  efezlellt 

c. Instrument f a i lu re  
d. Power f a i lu re  
e. Structural  f a i lu re  

2, Reactivity accidents 
a. Operational mishaps 

1, Start-up accidents 
2. Accidental inser t ions of r eac t iv i ty  
3. Fuel handling accidents 

b. Inadvertant addition of r eac t iv i ty  
1. Cold coolant surges 
2. Cnemical. controls,  poisons 
3. I n s t a b i l i t i e s  
4, LO& f luctuat ions 

3. Exper-bea%sl. accideots 
a, Reactivity e f fec ts  
b. Experhental  system f a i l u r e  
Accidents due t o  Acts of God, w a r ,  sabotage, etc.  
a, Floods 
b. Severe storms 
C. Eai%hqu&es 
d. War 
e. Sabotage 
f. Aircraf t  flying over f a c i l i t y  

4. 

B. Safeguards evaluation 
1. Inherent sa fe ty  fea tures  

a. Reactivity coeff ic ients  
b, Self-limiting processes 

2. Buil t - in  safeguards 

1. Nuclear excursion 
2. Fuel element meltdown 

C. Consequences of i n i t i a t i n g  events 
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3. Chemical r e  act  ions (met a1 -water ) 
a. Al-water 
b. Na-water 
C. Al-U-water 
d. Zr-water 
e. Al-Li alloy-water 
f . Zircalopwstak 
g. Hydrogen-oxygen 

4. Credible accidents 
5. Maximum credible accident 

a. Definition 
b. Energy releases 

1. Nuclear excursion 
2. Chemical reactions 
3. Flashing of coolant 
4. Equivalent explosion concept 

1. Pressure vessel  
2. B l a s t  shield 
3. Containment s h e l l  

e. Physical forces 

d. Structural  damage 

VI.  Operational Procedures 

V I 1  . Hazards Analysis 
A. Basic c r i t e r i a  

1. Normal operation 
2. Ehergency operations 
3. Radiation standards 

a. Routine exposures 
b. Emergency exposures 

4. Fission product inventory 
B. Routine release of rad ioac t iv i ty  

1. Character is t ics  of re lease 
a. Source 
b. Quantity 
C. 
d. 

a. Meteorological 

ce Direct 

a. E e e c t e d  receptor locations 
b. Dosage ( integrated)  

Type of i den t i ty  of isotopes 
Nature of re lease (s ize ,  v o l a t i l i t y ,  e tc . )  

2. Mode of transmission 

Hydrological 

3. Poten t ia l  receptor dosage 

C. Emergency releases  from credible and m a x i m u m  credible 
accidents 
1. Character is t ics  of release 

a. Source 
b. Quantity 
c. Type of iden t i ty  of isotopes 
d. Nature of release (s ize ,  v o l a t i l i t y ,  e tc . )  



2. Mode of transmission 
a. Meteorological 

1. Release conditions 
2. Radioactive cloud 

a. Size 
b. Height of rise 

3. Diffusion 
4. Deposition 
5. Rain  -out conditions 

1. Surface diffusion 
2. Undergound movement 
3. Sewer systems 

b. Hydrological 

C .  Direct radiation 

a. Integrated dosage versus distance 
3. Poten t ia l  receptor hazards 

1. Cloud exposure 
2. Ground deposition 
3. Direct radiat ion from contained 

radioact ivi ty  
b. Area contamination, evacuation 

2. ==rg;en,cy pmeP&T~en 
1. On-site 
2. Off-site 

VIII. Evaluation of Fac i l i t y ' s  Hazards 



APPENDIX B 

COJ!T"S OF TECHNICA-L SPECIFICATIONS 

(From the  Federal Register, A p r i l  8, 1961) 

- 

Technical specif icat ions fo r  a f a c i l i t y  of the  tyye described 
i n  50.2l(b) or  50.22 o r  a t e s t i n g  f a c i l i t y  which i s  a l s o  a boi l ing-  
water o r  pressurize<-watzr nuclenr reactor,  shall include t h c  follow- 
ing items, insofar &s they are applicable t o  the  f a c i l i t y  concerned. 
In  addition the technical  specif icat ions s h a l l  include any other  i t e m s  
which could have an e f f ec t  on the  sa fe ty  of operations comparable i n  
magnitude t o  the  e f f ec t  of  t he  following i t e m s .  

A. S i t e  
1. Physical locat ion of t h e  reac tor  plant .  
2. 
3. Principal a c t i v i t i e s  carr ied on within the  exclusion area. 

Minimum distance t o  boundary of t h e  exclusion area. 

B. Containment 
1. Design pressure and maximun permissible t o t a l  leekage r a t e  

of t he  conteimient vessei  (ineluding penetrztions ). 
2. Over-all dirr,ensions, rraterials of construction aid free 

v o l u i e  of containmnt  barrier. 
3. Kunber, purpose, construction and ty-pe of containment vessel 

penetrations and methods of closure aEd seal ing (including 
piping, duct -trark and access openings ). 
Frequency, pressure, and methods of t e s t l n g  of the ecntain- 
ment vessel  and penetrations. 

4. 

C. Primary coolant system 
1. General syst,en: specific2.tions including: 

( a )  Number of loops. 
( b )  Flov per  losp. 
( e )  tti.nirr,vn loop flow s ta r tup  time. 
( d )  Vinimuri nmibzr of loops operating concurrently. 
( e )  JTuqber of pimps per 1.00p. 
( f )  Method of coolant c i rcc la t ion  a d  heat removal (normal 

Pr incipal  reactor  vessel  design fea tures  including 
( a )  Pressure rating. 
( b )  Material of  construction. 
( e )  Over a l l  dimensions. 
( d )  Types of connections. 
( e )  Number of pcnetraticns.  

3. Primary c c o l m t  q e c i f i c a t i o n s  
( a )  Material 
(b )  Method of pressurization. 
(e )  M a x i m u m  permissible ac t iv i ty .  
( d )  Number of passes and flow d i rec t ion  through core. 

( a )  Miniman core i n l e t  pressure. 
( b )  Max imum an3 minimm care pressure drop. 
(e)  Maximum and minimum flow rate. 
( d )  M a x i m u m  core ex i t  bulk temperature. 

and auxi l iary) .  
2.  

4. Operating variables including 

. 
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a 

5. PrinciDal design features of mejor components including 
(a)  Primary heat exchanger type and rating. 
(b ) Maximum primary relief valve set t ings.  
( c )  i\linimm capacity of pressure relief system. 
( d )  Product speziflcations and flow rate of purif icat ions 

system. 
( e )  Type s ens i t i v i ty  and flow rate of sampling 
Materials and general configuration of primary 6 .  

D. Secondarv coolant system 

system. 
system shielding 

1. Coolant 
2. Maximum pressure 
3. ~ ~ p e x ~ a ~ - u ~ e  
4. Flow rate 
5. Minimum condenaor vacuum 

E. Reactor core 
1. Principal  core design features including 

Moderator material 
Reflector material and thickness 
hrel material enrichment and melting or boi l ing point 
Minimum number of fue l  thermocouples 
c i d  material. and meiting o r  bo i l ing  point 
Minimum number of clad thermocouples 
Fuel element nominal dimensions, overa l l  and in t e rna l  
Maximum t o t a l  mass of f u e l  i n  the  core, by isotope 
Maximum number of fue l  elements i n  the  core 
MaximUm fuel burnup (MWD) 
Maximum o r  minimum void coefficent of r eac t iv i ty  and 
m a x i m u m  operating void f rac t ion  
Temperature reac t iv i ty  defect ambient t o  operating 
Form of burnable poison and method of attachment 
M a x i m u m  and minimum reac t iv i ty  worth of burnable poison 
Type miniroum reac t iv i ty  worth conditions of use and 
pr incipal  design features of auxi l iary poison systems. 
Metal t o  water r a t i o  i n  core 

2. Pr incipal  core temperatures and thermal charac te r i s t ics  
including 

MUGUD thermal pover 
Maximum loca l  and average core heat flux ( m a x i m u m  with 
respect t o  all variables a t  ra ted power 
Minimum burnout safety fac tor  (on heat flux) 
M a x i m u m  f u e l  surface and cent ra l  temperatures at  desig- 
nated points 
Average power density 

F. Control and safe ty  systems 
1. Control system design and opera<ing limits including 

(a )  Nmber in s t a l l ed  and m i c i m u m  number of operative control 
elements and drives, materials of construction and 
pr incipal  design features 

(b)  M a x i m u m  r eac t iv i ty  worth of automatic control systems 
and of en t i r e  control system hot o r  cold 
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Maximum react i.vity worth of any individual control  
systen cozponent o r  gang hot o r  cold 
Minimum shutdown control  margin hot or cold 
Minimum numbei-. of control elements corresponding t o  
minimum shutdown margin 
Maximum reac t iv i ty  addition r a t e  by control elements 
Maximum excess r eac t iv i ty  above cold clean c r i t i c a l  
Cond.itions which would automaticzlly cause reactor  
s c r m  OY hui!-diiig closure and act ivat ion points f o r  
these actions 
Type, f rac t ions  and conditions of use of inter locks 
I t e m  which may be bnassed method of bypassing and 
conditions mder which bypassing w i l l  be used 

2. Safety systen design and operating l i m i t s  including 
Range of period scram use 
Total  number and minimum number of operative sa fe ty  
elements and drives, mater ia ls  of construction and 
pr incipal  design features  
Total  r eac t iv i ty  worth of s a fe ty  elements, hot o r  cold 
Maximum reac t iv i ty  worth of any individual sa fe ty  element 
o r  gang, hot o r  cold 
Maximum reac t iv i ty  addition rzte by safe ty  elenents 
Maximun? t o t a l  scram delay time and safe ty  element 
inser t ion  t i m e  
Minimum number of operative l eve l  sa fe ty  and period 
safe ty  channels and rmges of use, independence of 
operations, minimum ~r maximum redundancy o r  coinci - 
dence etc .  
Minimum worth of sa fe ty  elements cocked during s tar tup,  
f u e l  loading or  other core manipulations 

3. Character is t ics  of sys tem auxi l ia ry  t o  the  control  and 
safety systems 
( a )  Emergency power supply ava i lab i l i ty ,  methods, capacity, 

(b)  Devices which are  activzted on autonatic bu i ld i ig  c1:)sure 
uses 

G. Monitoring systems, general design features  and spec i f ic  o9erstting 
l i m i t s  including 
1. Maximum stack, coolant and building a i r  a c t i v i t y  and mlnlmum 

2. Maximum raciia’Gioii l eve l  i n  accessible areas and minimum 

3. Fuel element failure detect ion equipment sens i t iv i ty ,  l oca l -  

number and Sens i t iv i ty  of operating monitors f o r  each 

number sens i t i v i ty  of operating monitors 

izat ion and sampling in t e rva l  ( i f  not continuous) 

H. Waste disposal systems design and operating features  including 
1. Equipment f o r  removal of gases o r  other foreign materials 

from primary and secondary coolaat, moderator r e f l ec to r  o r  
shield; i t s  capactiy and mode of use (continuous o r  i n t e r -  
m i t t e n t  ) 

2. Stack height and flow r a t e  
3. Waste holdup capacit ies,  storage m d  processing methods and 

maximum a c t i v i t y  leve ls  during normal operations, maintenance, 
refueling etc. 

c 
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4. M a x i m u m  discharge concentrations of l iquzd and gaseous 
e f f luents  

I. Zmergency cooling systen 
1. Principal  systeD &sign features  
2. 
3. T y p  rcinizm ccolant supply, flow rate, a n t i  power requixxent  

4. 
5. 

Mnimun capacity of energencjr heat exchmger 

of exergency cooling systen 
Total  coLding t h e  made avai lable  by emergency cooling systen 
Conditicns which would automatically cause emergacy coolant 
i n i t i a t ion ,  poison inject ion or  other emergency actions 

J. ExperTxental f a c i l i t i e s  
1. Location, mzterials of construction, use and pr inc ipa l  design - - - 

features  of eqer imenta l  f a c i l i t i e s  
Llaximm t o t a l  reac t iv i ty  increase associated with a l l  exper- 
iments or experixeatzl  f a c i i i t i e s  by flooding, dralning, 
p o i s m  re?-oval, fueled experihent addit.ion or otke'i' 1::ethods 
1'3ex:n.u~ individw2 i-eecti-vity incyease aseociateci - 3 ~ ~ < . t ? i  each 
cuperimnt  97 nxperiment a1 f a c i l i t y  by flosding, di-aining, etc.  
T4ininm-i amunt cf i n s t m e n t a t i o n  associated with e w h  
experiment or  experimental facilit37, including t :~e : :  of 
senssrss,  variables secsed, output actions md duplication 
or  coincidence provisions 

5. Mininun: cooling capacity t o  each experiment method of cosling 
and eaergeccjr provisions 

6. Geonetry, prpssure resistance and leak rate of experl 1 nent 
zontainment barriers 

7. Sigcificont controls, s ignals  or other xechmisms by which 
expeyi.F.ezts o r  e,uperimenters (manually o r  autozat ical ly)  
may af fec t  the reactor  control  system 

2. 

- . . .  
2. 

4. 

K. .A-&rninistrztiw snd procedural safeguards 
1. A provision that t h e  l icensee shall have detai led wri t ten 

2. 

procedures i n  e f fec t  f o r  sll operations which T.>:,;J ef fec t  
nuclear sefetjr and f o r  mergencies which procedures s. liave 
been reviewed and approved by responsible o f f i c i a l s  within 
the l icensee I s  organization 
Brief description o f  the fcdlowing controls and procedures 
(a) A b i a i s t r a t i v e  organization and controls t o  the  ex te r t  

t h a t  these have a poten t ia l  e f f ec t  09. safety 
{ b) Principal  operating prricedures having a po ten t i a l  

e f f ec t  on safety, including those f o r  i n i t i a J  startup, 
routine oper.&ion, naintenance refueling, conduct and 
operation of experixeots, power/escalation from c r i t i -  
c a l i t y  t o  f u l l  design power and emergencies 

system cailapsnents, monitcrs and other equipment having 
3, pot,eritinl safe,ccla:-ds functicn 

( d )  Procedures f o r  the  review within the l i censee ' s  organ- 
i z s t ion  of Fropseci i iodificatlons ln %e f e c i l i t y  o r  i n  
o2zrating procedures and 3f the design ai?. emduct of 
experiments 

( c )  Procedures f o r  ,?ad frequency of t e s t i n g  of sa fe ty  


